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. »Paragraph/Sentence: Chapter 11 - 11.2 ANSYS Model, 11.2 Analysis
>resulls

vV V V

>Comment No. 1: In structural damage analysis - as opposite o
sstructural design analysis - itis not load ;aihs of the intact
>structure thatis ofinterest, but the path of fallures from ¢
>emait tecal feilure due to a known cause {e g. firefhealithe:
>expansion) to the end of destruction ineluding alt structural ‘fanures

>in between as 2 consequence of the first, smali failure. Such a damage
>analysis shall identify the cntical failure in the path, i.e. could

>that critical fallure be avoided; the destruction would have been
>arrested there. Most local failures in steel structures luckily do not
>progress to create a critical failure that causes the complete

>structure to globally collapse. The destruction is generally arrested
>long before that.

>

>

> _

>The NIST WTC7 draft report unfortunately fails to do this proper

>structural damage analysis:
>

>

>

>It is not clear in what order the various local structural failures

>take place in the ANSYS model, what elemenis/nodes are affected,
>details of faillure, cause of failure and consequence of failure

>{sarious or can it be ignored?) and how the boundary conditions {loads
>on columns at fiocor 16) are affected.

-2

>

>

>Reason for Comment: The ANSYS model, only 16 floors high in lieu of 47,
>consists of primary (vertical steel columns connected to ground),
>secondary (horizontal and sloping steal beams connected to primary
>parts) and tertiary parts (e.g. floor elements and walls connected to
>secondary parts; beams) and associated connections, and it is of vital
>importance to know the order or path of faiiures. We know that the
>structure at ambient temperature is very low sfressed and thus looks
>very safe. Purpose of the exercise Is fo find the critical, proximate
>failure that caused the collapse.

>

>

>

>Fire/heatfthermal expansion may affect a terfiary member that heats up
>quicker than adjacent secondary members and the local connections may
>fail and the tertiary partis out of action but it hardly affects the
>affectiveness of the secondary parts, which of course is verified when
>the FEA analysis Is re-done after each faiiure. The secondary parts 5 m:ﬁ
>their connections (bolted or welded) o primary paris are much sironge
>than those of tertiary parts and will deflect and deform with the
>primary parts and it is highly unlikely that thermal expansion will
>produce forces that break the much stronger connections betweean
>saecondary and primary paris. it is noted that a critical failure mode
>may be buckiing of one primary structure column losing supporis by
»sagondary struciure floor beams.

>




>
>
>Suggestions for Revision: Chapter 11.2 to be expanded with a list of
>al} local failures in order of occurrence with details and sericusness
>as outlined above in Comment No. 1. After each failure the condition of
>the model is evidently re-analysed by FEA and the results of each
>¢lement (primary, secondary and tertiary) summarized in Chapter 11.2.
>[oing that we will know when the situation becomes really serious, e.g.
>wiendif a primary part starts to get affected. Evidently a global
>collapse is only possible if primary structural parts are affected and
>we are interested in all local failures leading to that critical
>faijure; the proximate cause of collapsa. The draft report Chapter 11
>is incomplete in this respect.
>
>Example how to improve the report:
>
>1. Tertiary structural elements connected to a floor beam fail due
>heatthermal expansion.
>These failures/causes are easy to list.
S _
>2. Secondary structurat eiements (beams with or w/o floor elements)
>connected fo a column fail.
>These failures and their causes should aiso be easy to list, but here
>the explanations must be more complete. If, e.g. a beam connection o
>the column becomes disconnected, we must know exacily how and why
>{because you do not expect that to happen).
>
>3. Primary structural elements (e.a. column 79) fail. If cause of
>failure is buckiing due to foss of supports of secondary floor beams
>(and not thermal expansion), say so, but expiain how many secondary
>structural beams must fail before the critical failure of the primary
>column becomes imminent. This failure to a column evidentiy affects the
>boundary conditions, so you have 0 move on the next model to find out
>what really happens outside the model.
>
>Unfortunately you do not know if this faiture of a column in the ANSYS
>model is the critical one, as you do not know what happens above floor
>18.
>Evidently a failed column cannot carry any load, so either the load
>cairied drops off or is transmitted to other elemenis, but in either
>case the boundary conditions changes; the loads appiied at floor 18 change!
>
>t would be very easy to extend the ANSYS model to 47 floors to solve
>that uncertainty. Then you can see how each failure below floor 16
>affects the load distribution above floor 16. Thus it is suggested that
>the ANSYS model is also extended to floor 47 in your final
>analysis/report.

Y V.V VYV

>Report Number: NIST NCSTAR 1-8 Voiume 2 Page Number: 537-600
>Paragraph/Sentence: Chapter 12

>

>

>Comment No. 2: The LS-DYNA 47 floors modal is very big with >3 million
>elements and >3.5 million nodes and the data of a partly damaged ANSYS

3



>model incl. boundary conditions is copy/pasied info it to represent the
>starting

>{stabie?} conditicn with local damages below floor 18. As shown in
>Comment No. 1 the details of the damaged ANSYS model are not clear and
>it is not certain, if it represents a realistic starting condition.

>Another guestion is if you can copy/paste data of a locally damaged
>structure info an undamaged one? What about the boundary conditions at
>floor 167 Another question is the reliability of the LS-DYNA software,
>Has it been tested properiy? it does not seem to be commerciaily
>available.

>

>

>Reason for Comment: The LS-DYNA, like the ANSYS model, consists of
>primary (vertical columns connected to ground), secondary (horizontal
>and sloping beams connected to primary parts) and tertiary parts {e.g.
>fioor and wall elements connected to secondary parts; beams) and
>associated connections, and it is again of vital importance to know the
>order or path of failures. We know that the structure at ambient
>temperature is very low stressed and thus looks very safe.

> )

>

>

>Heat/thermal expansion may at this time have affected tertiary parts
>helow floor 16, the local connections of which may have failed and the
>tertiary part is out of action and it has apparently affected the
>effactiveness of the secondary parts, but the situation is not clear

>({as Chapter 11 is incompleie). The secondary parts and their
>connections o primary paris are much stronger than tertary parts and
>will deform and defiect with the primary parts and itis highly

>uniikely ihat thermal expansion will produce forces that break the
>connections between secondary and primary parts. However, it is assumed
>here that some secondary and primary parts belew fioor 15 have actusily
>failed (causes to be established) and shifted a column (No 797) out of
>ipitial locations affecting the boundary conditions at floor 16, but

>that the structure below floor 18 is still stable.

>

>

>

>it is of vital interest fo know how these locai failures below flcor 16
>immediately affect the virtually undamaged structure above, when (A}
>the analysis starts (how serious are the failures below?) and (B) every
>further failure that foliows below and above floor 18 and finally, (C)

>at the end, when all parts are rubbie.

>

>

>

>t is evidently possible that when a primary column fails below floor
>18, the locad on it is transmitied io adjacent columns via intact
>structure above floor 16, [.e. the boundary conditions must be modified
>in the ANSYS model analysis. Was it done?

>

>

>

>it is not clear how and why the software LS-DYNA can keep track of
>parts that are completely disconnected from the structure due to
>muftiple failures.

>

>




>Suggestion for Revision: The method to

>copy/paste details of the ANSYS (Chapter 11) model at end of assumed
>failures below ficor 16 produces uncertainties.

>

>

>

>it would be betier to start afresh with the LS-DYNA model as compietely
>free of fallures and then input all the local - serious (7) fallures

>- one by one - as identified in the ANSYS model below fioor 16 and
>listed in Chapter 11.3 and see what happens everywhere at every
>initial, local failure and then proceed with the further failures, one
>by one, away from the first local non-critical failures, until the
>critical failure and its cause are identified.

>

>

>

>Chapter 12 thus to be expanded with a list of all further local
>failures above and below floor

>18 in order of cccurrence with details and seriousness as cutlined
>above in Comment No. 1. -

>After each failure the condition of the model is evidently re-analysed
>by FEA and the results of each element (primary, secondary and
>tertiary) summarized in Chapter 12.4.

>

>

>

>Doing that we wiil know when the situation becomes really serious, e.g.
>whan/if other orimary parts {than column no. 79) start to get affected
>and why and what (e resl, proximaets fallure of total collapse is - the
>critical failure - and when it occurs in the failure path. Looking at
>tha ANSYS model data only, it seams that coiumn 79 could collapse
>cornpletely dus 10 a known cause (buckling), but that it would be the
>and of the local (serious) destruction. The other columns should not be
>affected!

>

>

>

>But apparently the failure of column 79 causes further failures of
>gther primary parts and it needs to be explained - the failure path is
>to be extended. 8¢ Chapter 12 must be expanded with details of further
>failures leading to the final, critical one - the proximate failure
>initiating the global collapse. Would that proximate failure have been
>avoided for any reason, the destruction would have stopped then and
>there.

>

>Exampile:

>

>4 it is found that primary struc;.urai element column no. 79 fails due
>to buckiing.

>

>5. it is further found that this failure {4.) causes identical,

>mechanical faillures to secondary structure (beams) that

>

>8. in tun causes damages to adiacent primary structural columns that
>fail that

>

>7.in turn causes furiher failures to secondary structure {beams) that
o .




>8. in turn causes damages to adjacent primary structural columns that
>fali, etc.

>

>

>

>The critical failure or failures and its cause {buckiing of column no.
>76 - failure no. 4 - and unknown effects of the beam(s)) are thus those
>no. 5§ above, as then the global collapse starts.

>Would that or thase failures have been avoided (by clever design?) the
>global collapse would not have taken place.

>

>

>

>Evidently the failures continue, after the critical one has been
>reached, until total destruction, which of course is of less
>importance. But it is very good, that you do the analysis to the end;
>then also details of elements/parts getting completely detached from
>the structure can be identified (and later be compared with what was
>found in the rubble) in the report and how these loose parts are
>assumed to load, slip off or jam the structure after being detached.

>

>

>

>Evidently a giobal collapse is only possibie if ali primary parts of

>the structure are affected but we are interested in all local failures
>ieading to the first critical failure that causes/initiates the

>collapse, e.g. no. 5 in the example above. The draft report is
>incomplete in this respect and should be expanded.

>

>

>

>! am personally quite surprisad that the small local failures down
>below around a few columns are not arrested, when running cut energy to
>produce further failures up top. Just because one or two column fails
>due 1o locai failures, should not cause other, complete intact columns
>to fail far away.

>

>

>

>Actually, if the LS-DYNA software can preduce what is suggested, it
>should be able to simulate ali the structurai conditions from (A) the
>completely intact, prior fire, cold condition,

>{B) all the part damaged conditions due local fanﬁures with still

>intact structure left including (C) the critical failure condition,

>when further destruction starts by gravity alone, and not least, (D)
>the end condition, when all structural parts or sub-assemblies are
>disconnacted in the rubble at equilibriurn on the ground.

>

>

>There are (D) huge blecks of structure in the rubble with broken
>primary parts (columns). The LS-DYNA software apparently can simulate
>how these big blocks bounded by failed elements came about, e.g. how
>the primary columns were sheared off away from boited and welded
>connections, and ended Up as seen on many photes. it is also a good
>tast to verify the reliability of the LS-DYNA software, details of

>which are complelely unknown to me. (Only reference to LS-DYNA is a
>user's manual of lithle value).



>
>
>

>if the LS-DYNA software is as good as suggested, it can be used in
>anaiysing structural damages in ship collisions and thus improve safety

>at sea (my principal interest).
>

>
>
>Summary of Submittal of Comments
>
>
>

>By using two compiete (47 floors) models (ANSYS and LS-DYNA) to
>simulate the failures’ path(s) leading to the critical failure

>initiating collapse, the reliability of the final result will improve.

>

>All failures in the path(s) should be described, particularly when
>secondary and primary structural elements start fo fail and the status
>(stress or FoS ieveis) of the structure after each failure.

>

>The critical failure, e.g. the failure of a secondary structural

>glement - a beam, that initiates the global ¢ccllapse, must be described
>in detail and how it can affect undamaged remote structure, i.e. other
>primary columns, by e.g.

>load transfers as calculated by the software.

>

>As load transfers are only possible via secondary structure and
>connections, you wonder why not only those secondary pans fall,
>leaving the intact primary structure unicaded and unaffected (as they
>are also connectadfatpooried by ofher beams that do not fail), i.e. the
=report must cleany sxplain why WTC7 collapsed ke a house of cards
>that has never happened before.
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Name: Anders Bjorkman, 6 rue Victor Hugo, F 06240 France
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Reference number: 2008/5/001

Date: 5/3/2008

Report Number: NIST NCSTAR 1-9 Volume 2
Page Number: 455-536
Paragraph/Sentence: Chapter 11 - 11.Z ANSYS Model, 11.3 Analysis results

Comment Ne. 1: In structural damage analysis - as opposite to structural design analysis - it is not load paths of
the intact structure that is of interest, but the path of failures from the first small local failure due to a known
cause {e.g. fire/heat/thermal expansion) to the end of destruction including a¥f structural failures in between as a
consequence of the first, small failure. Such a damage analysis shall identify the critical failure in the path, i.e.
could that critical failure be avoided; the destruction would have been arrasted there. Most local failures in steel
structures luckily do not progress to create a critical failure that causes the complete structure to globally
.collapse. The destruction is generally arrested long before that.

The NIST WTC7 draft report unfortunately fails to do this proper structural damage analysis:

It is not clear in what order the various focal structural failures take place in the ANSYS model, what
elements/nodes are affected, details of failure, cause of failure and consequence of failure (serious or can it be
ignered?) and how the boundary conditions (loads on columns at floor 16} are affected.

Rezsen for Comment: The ANSYS model, oniy 16 floors high in fieu of 47, consists of primary (vertical steel
columns cennected to ground) secondary (honzontal and sloping steel beams connected to primary parts) and
v parh ts and walls connected to secondary parts; beams) and associated connections,
and i *' isofv 1t"u w iportance to know the order or path of failures. We know that the structure at ambient
temperature is very low stressed and thas looks very safe. Purpose of the exercise is to find the critical,

Fire/heat/thermal expansion may affect 2 tertiary member that heats up quicker than adjacent secondary
members and the local connections may fail and the tertiary part is out of action but it hardly affects the
effectiveness of the secondary parts, which of course is verified when the FEA analysis is re-done afier each
failure. The secondary parts and their connections (bolted or welded) to primary parts are much stronger than
those of tertiary paits and wiii deflect and deform with the primary parts and it is highly unlikely that thermal
expansion will produce forces that break the much stronger connections between secondary and primary parts. It
is noted that a critical failure mode may be buckling of one primary structure column losing supports by
secondary structure floor beams.

Suggestions for Revision: Chapter 11.2 to be expanded with 2 list of all local failures in order of occurrence
with details and seriousness as outlined above in Comment No. 1. After each failure the condition of the model is
evidently re-analysed by FEA and the results of each element (primary, secondary and tertiary) summarized in
Chapter 11.2. Doing that we will know when the situation becomes really serious, e.g. when/if a primary part
starts to get affected. Evidently a global collapse is only possible it primary structural parts are affected and we
are interested in all focal failures leading to that critical failure; the proximate cause of collapse. The draft report
Chapter 11 is incomplete in this respect,

Example how to improve the report:

L. Tertiary structural elements connected to a floor beam fail due heat/thermal expansion. These failures/causes
are casy {o list.

‘econdary structural elemenis (beams with or w/'o floor elements) connected to a columpr fuil. These failures
ir causes should also be easy to list, but here the explanations must be more complete. if, e.g. a beam
nection to the column becomes disnom?‘;ecﬁ‘.a we must know exacily how and why (because you do not
expect that to happen).

3. Primary structural elements (e.g. cofumn 79) fail. If cause of failure is buckling due to loss of supports of
secondary flcor beams (and not thermal expansion), say so, but explain how many secondary structural beams
must il before the critical failure of the primary column becomes imminent. This failure to a column evidently




affects the boundary conditions, so you have to move on the next model to find out what really happens outside
the model.

Unfortunately you do not know if this failure of a column in the ANSYS model is the critical one, as you do not
know what happens above floor 16. Evidently a failed column cannot carry any load, so either the load carried
drops off or is transmitted to other elements, but in either case the boundary conditions changes; the loads
applied at floor 16 change!

1t would be very easy to extend the ANSYS model to 47 floors to solve that uncertainty. Then you can see how
each failure below floor 16 affects the load distribution above floor 16, Thus it is suggested that the ANSYS
medel is also extended to floor 47 in your final analysis/report.

Report Number: NIST NCSTAR 1-9 Voiume 2
Page Number: 537-600
Paragraph/Sentence: Chapter 12

Comment Ne. 2: The LS-DYNA 47 flcors model is very big with >3 million elements and >3.5 million nodes
and the data of a partly damaged ANSY'S model incl. boundary conditions is copy/pasted into it to represent the
starting (stable?) condition with Jocal damages below floor 16. As shown in Comment No. 1 the details of the
damaged ANSYS model are not clear and it is not certain, if it represents a realistic starting condition. Another
question is if you can copy/paste data of a locally damaged structure into an undamaged one? What about the
boundary conditions at floor 16? Ancther question is the reliability of the LS-DYNA software. Has it been tested
properly? It does not seem to be commercially available.

Reason for Comment: The LS-DYNA, like the ANSYS model, consists of primary (vertical columns connected
to ground), secondary (horizontal and sloping beams connected to primary parts) and tertiary parts (e.g. floor and
wall elements connected to secondary parts; beams) and associated connections, and it is again of vital
importance to know the order or path of failures. We know that the structure at ambient temperature is very low
stressed and thus looks very safe.

Heat/thermal expansion may at this time have affected tertiary parts below floor 16, the local conneciions of
which may have failed and the tem:u'y part fs out of action .md it %*as anparently affected the effectiveness of the

: aary
parts anci it is highly Lmhkelv that l}wrma expansxon wﬂ} produce forces thdt break the cennectlors between
secondary and primary parts. However, it is assumed here that some secondary and primary parts below floor 16
have actually failed (causes to be established) and shifted a column (No 797?) out of initial locations affecting the
boundary conditions at floor 16, but that the structure below floor 16 is still stable.

It is of vital interest to know how these local failures below floor 16 immediately affect the virtually undamaged
structure above, when {A) the analysis starts (how serious are the failures below?) and (B) every further failure
that follows below and above floor 16 and finally, (C) at the end, when all parts are rubble.

1t is evidently possible that when a primary column fails below floor 16, the load on it is transmitted to adjacent
columns via intact structure above floor 16, i.e. the boundary conditions must be modified in the ANSYS model
analysis. Was it done?

It is not clear how and why the software LS-DYNA can keep track of parts that are completely disconnected
from the structure due to multiple failures.

Suggestion for Revision: The method to copy/paste details of the ANSYS (Chapter 11) model at end of
assumed failures below floor 16 produces uncertainties.

Tt would be better to start afrth with the LS-DYNA model as completely free of failures and then input all the
Yocal - serious (7) failures - one by one - as identified in the ANSYS model below floor 16 and listed in Chapter
11.3 and see what happens everywhere at every initial, local failure and then proceed with the further failures,
one by one, away from the first local non-critical failures, until the critical failure and its cause are identified.

Chapter 12 thus to be expanded with a [ist of ail further local failures above and below floor 16 in order of
occurrence with details and seriousness as outiined above in Comment No. 1. After each failure the condition of




the model is evidently re-analysed by FEA and the results of each element (primary, secondary and tertiary)
summarized in Chapter 12.4,

Doing that we will know when the situation becomes really serious, e.g. when/if other primary parts (than
column no. 79) start to get affected and why and what the real, proximate failure of total collapse is - the critical
failure - and when it occurs in the failure path. Looking at the ANSYS model data only, it seems that column 79
could collapse completely due to a known cause (buckling), but that it would be the end of the local {sericus)
destruction. The other columns should not be affected!

But apparently the failure of column 79 causes further failures of other primary paris and it needs to be explained
- the failure path is to be extended. So Chapter 12 must be expanded with details of further failures ieading to the
final, critical one - the proximate failure initiating the global coliapse. Would that proximate faifure have been
avoided for any reason, the destruction would have stopped then and there.

Example:

4. It is found that primary structural element column no. 79 fails due to buckling.

5. It is further found that this failure (4.} causes identical, mechanical failures to secondary structure (beams)
that

6. in turn causes damages to adjacent primary structural columns that fail that

7. in turn causes further failures to secondary structure (beams) that

&. in turn causes damages to adjacent primary structural cclumns that fail, etc.

The critical failure or failures and its cause (buckling of column no. 79 - failure no. 4 - and unknown effects of
the beam(s)) are thus those no. § above, as then the global collapse starts. Would that or those failures have been
avoided (by clever design?} the global collapse would not have taken place.

Evidently the failures continue, after the critical one has been reached, until total destruction, which of course is
of less importance. But it is very good, that you do the analysis to the end; then also details of elements/parts
Getfmp completp'v detacned from the structure can be identified (and later be compared with what was found in
h - ¢ loose parts are assumed fo toad, slip off or jam the structure aiter being

above. The draft report is incomplete in thls respect and should be expanded.

I am personaily quite surprised that the smali local failures down below around a few columns are not arrested,
when running cut energy to produce further failures up top. Just because one or two column fails due to local
failures, should not cause other, compiete intact columns to fail far away.

Actualiy, if the LS-DYNA software can produce what is suggested, it should be able to simulate all the structural
conditions from (A) the completely intact, prior fire, cold condition, (B) ail the part damaged conditions due
tocal failures with still intact structure left including (C) the critical failure condition, when further destruction
swarts by gravity alone, and not least, (D) the end condition, when alf structural parts or sub-assemblies are
disconnected in the rubble at equilibrium on the ground.

There are (D) huge blocks of structure in the rubble with broken primary parts (columns). The LS-DYNA
software apparently can simulate how these big blocks bounded by failed elements came about, e.g. how the
primary columns were sheared off away from bolted and welded connections, and ended up as seen on many
photos. It is alsc a good test fo verify the reliability of the LS-DYNA sofiware, details of which are completely
unknown to me. (Only reference to LS-DYNA is 2 user's manua! of little value),

f the LS-DYNA software is as good
coilisions and thus improve safety at

s suggested, it can be used in analysing structural damages in ship
ea (my principal interest).

Summary of Submittal of Comments

By using two complete (47 floors) models (ANSYS and LS-DYNA) to simulate the failures’ path(s) leading w0
the critical failure initiating collapse, the reliability of the final result will improve.

Al failures in the path(s) should be described, particuiarly when seconda‘rv and primary structural elements start
to i2il and the status (stress or FoS levels) of the structure afler each fail



The critical failure, e.g. the failure of 3 secondary structural element - a beam, that initiates the global collapse,
must be described in detail and how it can affect undamaged remote structure, i.e. other primary columas, by e.g.
load transfers as calculated by the software.

As load transfers are only possible via secondary structure and connections, you wender why not only these
secondary parts fail, leaving the intact primary structure unloaded and unaffected (as they are alse
connected/supported by other beams that do not fail), Le. the report must clearly explain why WTC7 collapsed
like a house of cards that has never happened before.

End





